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VIRGINIA INSTITUTE OF MARINE SCIENCE
Gloucester Point, Virginia
Honorable Mills E . Godwin, Jr.
Governor of Virginia
Richmond, Virginia
Dear Governor Godwin:
I respectfully submit to you the Twenty-Seventh Annual Report of the
Virginia In stitute of Marine Science covering the period ending 30 June 1968 .
• Due to considerable growth in research activities and personnel during the
previous severa l years, the administrative load of VIMS became such that it
was necessary to reorganize the various departments into divisions and spread
this load. Two Assistant Directors were appointed to administer the research
divisions that resulted . Additional improvements are in prospect.
Virginia's oceanograph ic research and education program at VIMS showed
marked development and progress 'during this period. Due to these increased
capabi liti es, our scientists continued to improve their surveillance of marine
resource uses and use problems, and this has considerably enhanced our
posture as a marine resource-use advisory agency.
Institute scientists published forty-two research papers during the period.
These represent only a fraction of the work conducted. Quantities of data and
advice were issued in response to inquiries from various marine resource users
and managers representing industrial , local, state and federal organizations
and indi viduals . We have worked closely with the several state and interstate
marine resource management agencies.
The James River Hydraulic Model continued in use as a problem-solving
instrument for Institute scientists and for other organizCJtions having research
or resource-use interests in the James.
The programs of education at the undergraduate and graduate levels, carried out by VIMS through affiliation with the College of William and Mary
and the University of Virgini a, graduated the largest group of young marine
scienti sts during a sin gle year. Ten received M.A. degrees and the first Ph.D.
degree to be conferred under these programs was earned by Dr. Paul E.
Hargraves.
The In st itute has worked closely with the Virginia Water Control Board
and with federa l agencies and various political subdivisions in the area of
pollution abatement and control. These activities are increasing rapidly in

v

VlMS ANNUAL REPORT

the wak e of strong interest at local , state and national levels. The close
association and cooperation th at has evolved between these organizations
and VIMS is increas ingly fruitful.
We have also improved o ur services to the seafood industry through
in creased contacts with individu als and with associations of the industry. Our
services to the public fi shing and recreational interests and to developers of
ma rin as and harbors in the interest of public users have multiplied as a result
of close r working arrangements with th e Marine Resource Commission.
Combined efforts with the Virginia Department of H ea lth , Virginia Water
Resources Comm ission , the U .S. A rmy Co rps of Engineers, the U.S . Navy,
the U .S. A rmy, the U .S. Coast and Geodetic Survey, the U.S . Environmental
Science Services Administration, the U .S. Federal Water Pollution Control
Adm ini stra tion , the National Aeronaut ics and Space Administration, the U.S.
Bureau of Commerc ial Fi sheri es and the U.S. Bureau of Sport Fisheries and
Wildlife a re und erway to improve our services to all segments of the marinereso urce based economy of the Commonwealth.
The Board of Admini stration , the executive officers and the staff of the
Institute hope to be able to improve the Institute's contributions to the state
and Nation markedly in th e next decade and beyond.
With th ank s for your continued interest and support of Virginia's marine

research, service and training program, I am
Respectfully yours,
William J . Hargis, Jr.
Director
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RESEARCH PROGRAMS AT VIMS
MOLLUSK INVESTIGATIONS

Controlling MSX

R esea rch aimed at rearing di sease-resistant oysters for rehabilitating
abandoned oyster grounds in lower Chesapeake Bay has produced useful
results more rapid ly than had been expected . Both native and selected
laboratory-bred progeny reared from spatfall, or shortly after setting, to seed
size in MSX-infested waters and transplanted to other MSX-infested areas
have been rai sed to market size without sustaining intolerable losses.
In seed exposed early to this disease and later planted in MSX-infested
areas the annual loss attributable to MSX was usually less than 20%, while
the loss sustain ed by seed not hith erto exposed to this disease organism was
50%-70% in each of the first two years. It appears that if oysters come in
contact with MSX at a very early age they acquire some resistance. There
is also evidence that genetic resistance can be obtained through selective
breeding.
Monitoring public oyster beds

The monitorin g program on public beds for determining the success of
setting, the degree of fouling, the density of population and other observations
designed to prov id e advice to the indu stry and management has been continued. Weekly spatfall is monitored at representat ive stations in the York,
Jam es, Rappahannock, Nan se mond, Wicomico and Piankatank rivers . During
1968, setting bega n in the J ames, York, Piankatank and Wicomico rivers the
third week in Jun e and was much heavier than for the same period in 1967.
Oyster culture practices

A li st ha s been prepared of all individuals or companies holding over
20 acres of oyster ground s together with the location of each leased plat.
VIMS personn el plan to intervi ew growers in respect to production and other
aspects of oyster culture. Useful information will be made available to
pl anters interested in receiving it.

""

Estimation of hard and soft clam populations

In December 1967, a program was initiated to study hard and soft
clam populations in th e lower part of Chesapeake Bay. Preliminary study

Oysters held in trays suspended from the VIMS pier are monitored periodically for diseases, fouling organisms, predators, and for growth.
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suggests that commercial quantities of soft clams exist in the Rappahannock
River and in tributaries of the Virginia side of the Potomac.
The hydraulic escalator, mounted on a 40-foot boat for locating beds
of both hard and soft clams and determining their potential productivity,
became operational during May 1968. It is more efficient than conventional
methods for harvesting hard and soft clams. In a series of tests conducted
in Hampton Roads, over 40 bushels of hard clams were landed in 4 1/z hours.
Sediments from dredging operations had little adverse effect upon areas 150
feet beyond the site of operation.
A survey of juvenile soft and hard clams has been made in the lower York
River. An abundance of soft clams was present during winter and spring, but
heavy mortaliti es during the summer left few survivors by fall. Juvenile hard
clams were scarce in the York River indicating a low recruitment rate for
1967.
Aquaculture methods for clams and scallops

Good results have been obtained in culturing clams and scallops at
VIMS Wachapreague Laboratory. An artificial food for clams has been
tested with fair results, and some promising methods for protecting bivalves
from predation have been devised and are being tested.

RESEARCH ON FINFISH

Research designed to provide information useful for developing and
regulating the Commonwealth's finfisheries is described below.
Characterization of coastal and estuarine fish nursery grounds as natural
communities

The principal part of this research was the examination of two inshore
environm ents which, though diverse in character, were both believed to serve
as nursery grounds for the juvenile stages of a variety of coastal and estuarine
fishes. The low-sa linity nursery as typified by the upper York and lower
Pamunkey rivers is, without question, of major importance. The high-salinity
nurseries along the Eastern Shore of Virginia failed to live up to scientists'
expectations as nursery grounds, although the several years during which the
Eastern Shore studies were conducted may not have been typical.
The differences observed in terms of utilization of the two areas as
nursery grounds led to certain basic conclusions about nursery grounds in
general. Each successful nursery ground must meet at least three broad
criteria: the area must be physiologically suitable; it must provide an abundant and acceptable food supply, and it must provide a degree of protection
from predati on. The two areas seem to differ principally in the degree of
protection from predation that is provided. Both areas are predominantly
detritus-based communities and it appears that extensive marshlands pro-
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vide the detritus. StiJI, the study shows clearly that not all marsh areas are
equally important as nursery ground, and it provides at least some means of
evaluation.
Investigation of potential for expansion of 'the industrial fishery of the midAtlantic bight

During the 1967-68 fi scal year the exploratory phases of this project
were completed and considerable progress was made on the analyses of data
collected over a two-year period.
The first of the two years was devoted principally to an investigation
of seaso nal distribution of benthic fishes in the Chesapeake Bight. In the
second year of activity the emphasis shifted to obtaining preliminary estimates
of abundance. These estimates are an expression of the numbers of pounds
of fishes now unused that would be available to an industrial fishery in each
season.
The winter season proved to have the greatest potential for fish for
industrial purposes. The average C8.tch rate at 76 stations was 2300 pounds
per hour. In spring the catch rate declined to 475 pounds per hour averaged
over the entire shelf. During the summer, the catch rate declined further to
380 pounds per hour. By autumn, spiny dogfish, which made up nearly half
of the total of the previous winter catch, had started their southward migration again and comprised a significant portion of the catch. The estimates
that have been derived to this point will be further refined. The revised estimates can be expected to differ considerably from those presented here.
Estimation of parameters of striped bass populations and description of ,fhe
fishery of lower Chesapeake Bay

Near the end of the fi scal year preceding that covered by this report,
a contract was developed between the Institute and the Bureau of Sport
Fisheries and Wildlife for the conduct of a three-year study on population
dynami cs of striped bass stocks in lower Chesapeake Bay. This project was
staffed and in operation at the beginning of the 1967-68 fiscal year.
Considerable progress was made this year in describing the age composition of striped bass stocks in the James, the York and Rappahannock
rivers. This kind of information provided the baseline for work in population
dynamics. Since a variety · of commercial fishing gear, as Wyll as hook and
line employed by sportfishermen is used in striped bass fishing, it was necessary to determin e the age composition of the catch of each segment of the
fi shery . This has been accompli shed for a period of one year but is being
repeated.
The estim ates of mortality and survival will be based on the results of
a tag and recapture program . Over 3000 fish were tagged during this report
period . The analyses are incomplete.
During the fi scal year, an attempt was made to measure year-class
strength in each river system as an aid to interpretation of other data. This

Scientists (above ) measure, weigh and take scales from striped bass for
studies of population dynamics; (below) a two-ton catch of spiny dogfish on
the chartered commercial trawler SEA BREEZE taken by VIMS ichthyologists investigating the fisheries potential o f the continental shelf.

VIMS ANNUAL REPORT

6

phase of the work has indicated very clearly that success of reproduction
can vary significantly from one major river to the next in the same season.
Biology and utilization of anadromous alosids
A continuing investigation of the biology and utilization of shad, hickory
shad and the two species of river herring occurring in local waters enabled
scientists to delimit geographically their spawning grounds and nurseries in
the Rappahannock River and its tributaries and in the Virginia portion of
the Potomac River and its tributaries.

INVESTIGATIONS OF CRUSTACEA
Forecasts of abundance of blue crabs
Commercial landings of blue crabs in the Chesapeake were substantially
smaller from July 1967 through June 1968 than those of the previous 12
months. This decline had been predicted in the spring of 1967.
The magnitude of the decrease was more effectively shown when landings were recomputed for a crab biological year, extending from September,
when one-year-old crabs become sexually mature, fully grown and enter
the hard crab fishery, until the following August, by which time most have
di sappeared. Thus, the hatch of 1966 contributed 55 million pounds of crabs
from September 1967 through August 1968, which is only 57% of the catch
of 97 million pounds produced by the 1965 hatch.
Regular monthly trawl surveys in the York, James and Rappahannock
rivers in the fall of 1967 and the first half of 1968 revealed fewer young
crabs hatched in 1967 than in any of the last 10 years. Consequently, it was
predicted that the commercial catch from September 1968 through August
1969 would be at new low levels.
Management of the blue crab fishery
Preliminary steps have been made toward a long-term, joint MarylandVirginia biological study which may lead to more effective management of
the Chesapeake Bay crab stocks.
VIMS scientists believe that two factors have favored Virginia's larger
catch, compared with Maryland's: ( 1) There has been a greater fishing
effort in Virginia, and (2) the center of the blue crab population has been
located in the Virginia portion of the Bay; i.e., under the present and recent
natural environmental conditions, such as salinity and temperature, more
crabs will usually be found in Virginia waters than in Maryland.
Further, VIMS scientists believe that no increase in the crab population
can be achieved by protection of sponge crabs (egg-bearing females) beyond
that already given. Some protection has been given in Virginia eyery year
since 1916.
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VI MS will not recommend any changes in Virginia's program and policy
of management of blue crab stocks until such time in the future that the
resu lts of the b i-state st udy demonstrate the need for change.
Pasteurization of crab meat
There are stand ard procedures for preparing fresh-cooked crab meat
ensuring that a high-quality product can be offered· the consumer. Recent
advances in method s for pasteurizing crab meat have provided for another
high-quality product with a lon g shelf life when kept under refrigeration .
Limited experience with pasteurization in Virgin ia and North Carolina,
when compared with that in Maryland, prompted the formation of a TriState Seafood Committee. Rep resentatives of industry, health departments,
research a nd management agencies in the three states met and proposed
uniform processing procedures and regulations.
Parasitism of mud crabs
The saccu linid parasite Loxothylacus panopaei was first reported in
Chesapeake Bay in th e fall of 1964. It probably was introduced in shipments
of live oysters imported fro m the Gulf of Mexico.
The sacculinid, a fl eshy barnacle, has b een found on two species of
mud crabs, E urypano peus depressus and Rhithropanopeus harrisii. Three
other spe::: ies of mud crabs in the Chesapeake area and the blu e crab appear
to be immun e. Sacc ulinid-infected crabs were found in a ll the tributaries of
the Chesa peake as far no rth as Dea l Island, Maryland in Tangier Sound,
but none were found on the ocean side of the Eastern Shore of Virgin ia or
Maryland.

ECOLOGY-POLLUTION STUDIES
Study of environmental factors in three rivers
A biological and chemica l study of the Jam es, York and Rappahannock
estua ri es was initi ated in Jul y 1967 under a matching fund contract with the
Ofllce of Water Reso urces Research, U.S. Department of the Interior.
Th is study was designed to defin e the environm ental fa ctors wh ich
dete rmin e the major eco logical diffe rences which ex ist between the three
systems. Data which were secured and anal yzed at VlMS suggested that these
differen ces may have been due to nutri ent levels as influenced by enrichment
from the fr esh water zone and by the turn-over rates with in the systems.
Nutri ents in marsh areas arc deri ved from the land through runoff of rain
water and hi gh water flu shin g. Marsh vegetation stores these nutri ents for a
time; then, when the plants di e and di sintegrate, the nutri ents are flu shed
into the ri ver systems.
The four form s of phosphorus and fiv e form s of nitrogen in the water
column arc being eva luated along with the phytoplankton response to the
variou s levels of these pl an t nutrients. Sedim ent sa mpl es are also tak en semi-
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annually for nutrient analysis. Hydrographic data were collected on each
survey crui se to desc ribe physical characteri stics of the system s. lsohaline
zones (areas of the sa me sa linity) within and between these estuaries were
compared.

Study of benthic animals off the Eastern Shore
A study was initiated and completed to determine the compositi on of
botto m fauna in the offshore area between Wachapreagu e inl et and Assateague Is land . Six transects were established from nearshore to forty mi les
offshore. Sixty- fi ve bottom grabs were taken for analys is. Benthic organisms
in the sa mples we re id entified and counted.

Heavy metal surveillance
A heavy metal monitoring program in cooperation with the State Water
Control Board was continued.
Oysters were used as test anima ls since they were efficient in concenti·ating even low levels of met al ions from the water. The ten stations used
in the pesticid e study ( see below) were utilized in thi s program. The samples
were coll ected, homogenized, lyop hilized and wet digested by VIMS personnel
and then forwarded to the Water Control Board for analysis by atom ic
absorption.
The data indicated that the heavy metal content of oysters was within
th e normal limits in all areas except at Deep Water Shoa l in the James River
and Hospital Point in the E lizabeth River. The high levels found in these
sites indi cated that additional investigations should be made .

Pesticides in Virginia oysters
Oysters were regularly collected from two station s each in the J arnes,
York and Rappahannock rivers and on e station each in the E li zabeth, Lynnhaven , Mach ip ongo and Cherrystone Inlet system s to test them for the
possibl e uptake of pesticid es which might have been present in the surrounding waters. The sa mples were processed for analysis for ch lorinated hydrocarbons . No values found up through June 1968 are believed to have been
high enough to be of biological or public hea lth significance.

Stinging nettle research
The stinging nettle Chrysaora quinquecirrha reduces the utility of marine
waters for recreation and adverse ly affects the economy .
A program initiated in April 1968 was design ed to study th e ecology
of thi s pest. Knowledge gained from this st udy will be app li ed to devisin g
poss ibl e control mea sures . The present program entail s :
I. A study of the seasonal rates of attachm ent of jell yfis h polyps to
shell s held in wire bags in the James, York and Rappahannock ri vers
and stations in Ch esapeake Bay.
2. A study of the number of polyps wh ich set on natural and artifi cial
substrates to determine their winter di stributi on and sur vival.
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3. A study to estimate the abundance of adult jellyfish in various
regions.
No polyps were detected on any of the experimental shell substrate at
any station up to June 30, 1968.
MICROBIOLOGY-PATHOLOGY-PARASITOLOGY STUDIES

·I

I

Algal culture laboratory
Algae were cultured to provide food for experimental organisms. In
particular, they have supported the breeding program for MSX-resistant
oysters and the program for culturing bivalve mollusks through their larval
development. Five species of algae were grown in mass cultures: Monochrysis
lutheri, lsochrysis galbana, Cyclotella nana, Dunaliella tertialecta, and Phaeodactylum tricornutum.
Withdrawals from algal cultures from July 1, 1967, through June 30,
1968, were:
M onochrysis lutheri
3697 liters
I sochrysis galbana
1046 liters
Cyclotella nana
250 liters
Dunaliella tertia[ecta
206 liters
Phaeodactylum tricornutum
1107 liters
Total
6306 liters
Larval culture laboratory
In the continuing effort to develop MSX-resistant oysters, eleven different
crosses produced successful broods.
Initial steps have been taken to develop free spat, independent of cumbersome cultch.
Many Virginia bivalves have been bred and carried through their larval
development in the laboratory. During the past year Montacuta percompressa,
Montacuta floridana, Amygdalum papyria and Brachidontes recurvus were
successfully spawned in the laboratory for the first time and raised through
the initial larval stages. Improved methods for rearing and holding bivalve
larvae in the laboratory are being developed. Behavior of nine species of
bivalve larvae subjected to a range of salnities and temperatures was recorded .

Fine structure of marine organisms
Cellular biological studies at VIMS have been focused primarily on the
fine structure of marine protists which cause diseases of commercially significant marine invertebrates as well as the fine structure of the complex of
saprophytic protists which are closely related to disease organisms. The general fine structure of the following oyster pathogens, as found in oyster tissues,
was examined and described:
VIMS microbiologists use an electron microscope in studies of intricate
cell structure of disease organisms that infest important marine species.

-=~~~-~-=-=
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1) Minchinia nelsoni or MSX
2) Minchinia costalis or SSO
3) Labyrinthomyxa marina or Dermocystidium marinum
Attempts to culture L. marina and M. nelsoni are now in progress. The ultrastructure of zoosporulation in Labyrinthula sp., a saprophyte closely related
to L. marina, was also described and studies of motility, feeding, and centriole
biogenesis were initiated.
In co11aboration with Mrs. Virginia Proud of the College of William and
Mary, attempts were made to isolate virus-like particles from the cytoplasm
of M. nelsoni by differential centrifugation. The goals were not attained; however, further attempts to isolate the particles will be made.
Investigations were initiated to study the fine structure of the haplosporidian Urosporidium sp. a disease organism which affects the musculature
of blue crabs.
The ultrastructure of tentacle muscle contraction in the jellyfish,
Chrysaora quinquecirrha, is being investigated in collaboration with Drs.
Robert and Sybil R amsey of the Medical College of Virginia.
Parasitology

The work on parasites was part of a long-term endeavor aimed at increasing knowledge of the morphology, . host-specificity, zoogeography, and phylogeny of monogenetic trematodes. During this report period, research was
directed toward a study of the morphology of Monogenea from southern
·
Pacific Ocean fishes.
These studies being undertaken by VIMS scientists are essential to
world-wide analyses of host specificity and zoogeography of these interesting
parasites. D ata concerning parasites from the Pacific Ocean and Antarctic
areas aTe being add ed to the systematic and ecological data from other localities of the world ocean already catalogued and stored in the VIMS Keysort
" memory bank." Information collected and stored is pertinent to gaining
insight into the operation of natural host-specificity.
Studies include :
1. D escriptive work of collections made in Antarctica (McMurdo
Sound and Wilkes Station), New Zealand and Australia.
2. Collection of parasites in Antarctica 1967-68 by James K. Lowry
and E. Lynn Suydam, from both vertebrate and inveTtebrate hosts.
3. Studies of larval stages of monogenetic trematodes of some Chesapeake Bay fishes. This work contributes to the study of phylogeny
and adult morphology of these parasites .
4. The study of the host specificity of ectoparasitic trematodes.
The proj ects of the Parasitology Section were almost entirely supported
by gran ts fro m the National Science Foundation during the period covered
by this report.

Oceanographers at VIMS have taken numerous core samples of James
River bottom sediments for laboratory analysis to determine characteristics
that make certain bottoms favorable for oyster production.

PHYSICAL, CHEMICAL AND GEOLOGICAL OCEANOGRAPHY

Hydraulic and mathematical model research
During May and June, 1968, physical oceanographers conducted a series
of experiments in the James River model at Vicksburg, to determine the
n ature of its approach to steady state and the limits within which the characteristics of the system remain constant once steady state is reached. These
tests were conducted to determine the usefulness of the hydraulic model as
a scientific tool.
Computer programs for the presentation of data by a function of two
variables have been developed. The programs yield isopleths of various
parameters based on polynomials of Fourier series . The immed iate use for
this technique is the reduction of data from the Shelf Hydrographic Survey,
but a great variety of uses is possible.
Preliminary research was done on the feasibility of developing sensm:s
for measuring velocity, salinity, and temperature in a hydraulic model. An
automatic recording system could receive information from many sensors,
and thus gather a quantity of data which would be impossible to collect by
manual means .
A computer program was developed for bringing the method of power
sp ectral analysis to bear on the problems of the relation between river dis-
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charge and sa linity and the relation between fluctuation s of salinity at two
points in the sa me system . This technique makes it possible to determine the
relative importance of various influences on the salinity at a given point, and
the time delay between a change in the influencin g factor and the response of
the system. Hence, it is a highly useful tool for developing an empirical picture of the behavior of an estuary or river.
Jn cooperation with NASA-Wallops, work was started on an in situ
sensor to measure water temperature, salinity, pressure and current velocity.
Such an instrument would speed up considerably the process of gathering the
data for the Shelf Hydrographic Survey, for example. It would pay for itself
by reducing crew requirements and cruise durations.
At the suggestion of VIMS scientists in the Physical, Chemical and
Geologica l Ocea nography Departm ent, NASA-Wallops made arrangements
to outfit the U.S.N.S. Range Recoverer with a chemistry laboratory, hydraulic
winch and oceanographic work platform. These devices are mainly for use
in offshore work.
Fatty acids concentrations in marine waters
Chem ical oceanographers have initiated a project to determine the concentrations of fatty acids in coastal and estuarine waters. Fatty acids tend to
spread on the water surface and affect the momentum transfer and oxygen
transfer between the ocean and atmosphere. It is also thought that a careful
analysis of the fatty acids at a given point will reveal the kinds of fish and
plankton to be found nearby.
Surveys of Atlantic coastal waters and Chesapeake Bay
VJMS has continued to work on a periodic survey of the temperature
and salinity structure of the oceanic waters over the continental shelf just
outside the mouth of the Chesapeake Bay. From the data gathered, a picture
is emerging of the motion of water masses which shows the influence of
seasonal fluctuations of the meteorological condition on continental shelf
water.
For so me of the cru ises, the Wallops Island installation of NASA has
mad e avai lable to VIMS scienti sts the U.S.N.S. Range Recoverer on a not-tointerfere basis. Use of this vessel makes possible more rapid and efficient
collection of data.
In cooperation with other members of the Chesapeake Research Council,
VTMS has taken part in a survey of Chesapeake Bay and tributaries. Data
coll ected include temperature, salinity and oxygen distribution throughout the
water column.
In June 1968, VIMS and NASA-Wallops cooperated in a preliminary
aeria l survey. NASA aircraft, equipped with an infrared camera and scanner,

Physical oceanographers used the James River Hydraulic Model to study
the feasibility of developing sensors for measuring velocity, salinity and temperature in a hydraulic model.
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fl ew tracts al ong the Eastern Shore and from Plumtree Island in the Bay
across the Chesapeake li ght tower to the edge of the continental shelf, collecting data on surface temperature and infrared spectral characteristics of surface
water.

'I'

I
I
I

Ocean currents off Virginia Beach

A project, initiated in December 1967 and whi ch wi ll continu e through
the fi scal year 1969 under funding from the U. S. Army , Corps of Engin eers,
will desc ribe the bottom currents in the Atlantic Ocean off V irgini a Beach,
Virgini a. Prev io us studi es (Harr ison, Brehmer and Stone, 1964) indicated
the presence of a nearshore gyral off Rudee In let. This study is designed to
establi sh the stab ility of the circul ation pattern and to determine the factors
respo nsible for shifts in the net non-tidal drift.
rn Decemb er 1967 and Janu ary 1968, the net-set of the nearshore
currents was to the south. After abo ut a two-week period of transition, the
net-sets shifted to th e north and continu ed in this d irection through the
summ er. Th ese data augment those of Norcross and Stanley in Harrison ,
Norcross, Pore and Stan ley ( 1967) .
James River bottom sediments

As part of th e in stitute-wide study of the James River , bottom sediments
were cored throughout the estuary and analyzed in the laboratory to determine
characteristics that make certain bottoms a favorable substrate for oyster
production. O n examination, these sediments were found to b e conta min ated
by small proportion s of coa l, cind er and fl y ash which accumulate along the
south channe l should er. Effects of man-mad e structures on bottom deposits
are mainly limited to changes in the loca l patterns of sedim entation. Filling
of thi s estua ry is relatively slow sin ce sedim ent di scharge by dam s is properly
controll ed, and agriculture is conducted in a manner designed to r educe
erosion. The es tu arine circul ati on is such that it flu shes sedime nt seaward
through the estuary.
Sediment transport

E stua rine waters are typically charged with suspended sediment swept
off the bottom by th e altern a ting ebb and flow of the tide. An attempt was
made to measure thi s phenomena in th e Rappahannock River estuary as part
of a cooperat ive etrort with ESSA . * Data were analyzed to discover what
net or residu al tran sport takes place to trap sediment in some areas or to
f~us h it o ut to sea . A lth o ugh sed iment accumulates locally in the middle
estuary and nea r the head , most of the river-borne load was found to escape
seaw ard over the south b ank . It seems li kely that engin eers can take advantage
of this natural self-flushing feature in arranging for di spersal of spoil and
wastes in future projects.
*Environmental Science Services Administrat ion
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summ er. These data a ugment those of Norcross and Stanley in Harrison ,
Norcross, Po re and Sta nl ey ( 19 67).
James River bottom sediments
As part of the institute-wide study of the James Rive r, bottom sedim ents
were cored througho ut the estuary and ana lyzed in the laboratory to determine
characteristics that make certain bottoms a favor able substrate for oyster
prod uction . On exa minatio n, these sediments were found to be contam in ated
by small propo rtio ns of coa l, cinder and fly ash which accum ul ate along the
so uth channe l shoulder. Effects of man -made structures on bottom deposits
arc mainly limi ted to changes in the local pattern s of sedim entation. Fi lling
of this estuary is relative ly slow since sedim ent d ischarge by dams is properly
controll ed, and agr icu lture is conducted in a mann er designed to red uce
e rosion. The estuarine circulation is such that it flushes sediment seaward
through the estu ary .
Sediment transport
Estuarine waters are typically charged with suspended sediment swept
off the botto m by the alternating ebb and flow of the tide. An attempt was
made to measure thi s ph enomena in th e Rappahannock River estuary as part
of a cooperative effo rt with ESSA. * Data were analyzed to di scover what
net o r res idu al transport takes place to trap sediment in some areas or to
flu sh it o ut to se a. A lthough sediment accumulates locally in the middle
estuary and nca r the head , most of the river-borne load was found to escape
seaward over the so uth bank . Tt seems li kely th at engineers can take advantage
of thi s natura l se lf-flushing feature in arranging for di sp ersal of spoil and
wastes in future projects.
*Envi ronmental Science Services Administration
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Characteristics of the bottom sediments and benthic fauna of the inner continental shelf

The inner contin ental shelf extending 40 mi les off the Eastern Shore
between Chesapeake Bay mouth and Assateaguc has been sampl ed on a 2 to
4 mile grid at various ti mes from 1962 to 1967. Grab sa mples processed in
the laboratory for grain-size, coarse-fraction mineralogy, foram inifera l composition , carbonate and orga ni c carbon content, show distributions that trace
the recent geo logica l history of the area . They also reveal sources of sediment
and deposits of potential economi c valu e, including "showings" of gravel,
phosph ate, and heavy minerals. Distributions of organic content, grain size
and ben thi c in vertebrates will be examined to determine how they may affect
the distribution s of benthic fi shes. This is a prel iminary investigation aimed
at ga ining a broad picture of the shelf floor to identify resources that require
future study.
Multiple bars of Chesapeake Bay

T he d istr ibution of multiple sa nd bars bordering Chesapeake Bay was
studied from aerial photography and from fi eld observations to determine
their developm ent and stability. Using tracers, depth profiles, current and
wave sensors at a field location, it was concluded that the bars are relatively
stabl e and move only during storms when breakers form a great distance
from shore.
Hampton Roads circulation

Measurements of currents and salinity in Hampton Roads obtained from
varied surveys in the harbor over the years and in the James R iver hydraulic
mod el, were studi ed to establish their range with variations in river inflow
and man-made harbor mod ifi cations. Potential avenues of oyster larvae transport have been identified and sed im ent traps delineated . Information obtained

The R/ V LANGLEY, a converted ferry, is in constant use by ichthyologists and other scien tists as an excellent floating laboratory for estuarine
research.
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from these measurements of circul ation and sedimentation will permit future
evalu ation of pollution in this area and will enable engineers to plan port
construction in keeping with natural conditions.
PHYSIOLOGICAL STUDIES
Amino acids

A study of amino acids in the York River and a study of amino acids
released by marine zooplankton, both started in 1965, have been completed.
The extraord in arily high concentration of amino acids detected in York
River in late summer 1965 have not been observed since. Two and one-half
years of weekly observations have been accumulated and routine sampling
has been discontinued. No significant seasonal variations of total dissolved
free amino acids have been correlated with other natural processes in the
estuary.
Dissolved organic matter in York River estuary includ ed 38 micrograms
of free amino acids per liter. The highest concentrations were of glycine,
serine, and ornithine. Of the 14 amino acids studied for uptake by planktonic
bacteria, glycin e, methionine and serine had the greatest flu x rates. The total
amino acid flu x represented fro m 1 to 10 per cent of the daily photosynethic
carbon fixation.
R ates of release of dissolved free amino acids by marine net zooplankton are a positive function of water temperature and can be estimated
by the equation R = T-6 .0, where R = release rate in mg x-amino N g- 1,
T = temperature ("C ) , and 6.0 is a constant. Most of the common protein
amino acids are present in release products. Glycine, taurine, and alanine
usually predominate. It is estimated that in an "average" water column net
zooplankton release in about one month an amount of total dissolved amino
acids eq ual to the amount in solution at any given time.
Continuing physiological research

A number of projects, begun during the years 1965-67, were continued
in 1967-68. Scientists are studying the rel ationship between environmental
parameters and intern al dissolved free amino acids (DFAA) . Measurements
of the flu x of DFAA in marine ecosystems are being recorded and amounts
of DFAA in samples of ocean water from the western Atlantic are being
measured .
Studies are being conducted to learn how physiological and ecological
factors influence prey selection , and how diseases and pests affect physiological and biochemical responses of organisms to various stimuli.
Studies of physiological and ecological aspects of larval transport are in
progress .

A semi-automatic amino acid analyzer is used by physiologists in studying
the relationships between dissolved amino acids in sea water and the organisms living in these waters.

A permanent VIMS fi eld laboratory located at Wachapreague on Eastern
Shore is used for studies of oysters, clams, scallops, marsh lagoo ns, and erosion
o f barrier islan ds.

WACHAPREAGUE LABORATORY
Mon itorin g of trays of oysters strategical ly located in waters on both
sid es of the Eastern Shore peninsula is being continued to record the range
and intensity of va rious oyster di seases. Shellbags monitored regu larly are
use to assess the intensity and tim e of spatfal l.
Practical methods for cu lturing cl ams and scallops are being developed
on Eastern Shore. One of the problems of successfu l culture practices is that
of suppl yin g acceptable food. An artifi cial food has been tested with fair
results.
Post-larval clams are subject to heavy predation in natural waters.
Method s are being tested for protecting small clams from predators.
Ex perim ents of a prelim inary nature have been conducted to learn
th e larval behavior o f some of the commercial mollusks . Stud ies of the
sal inity tolerance of pelecy pods have been completed for the comm on species;
so me of th e less common species were tested during the year .
A benthi c jet sampler, developed at V TM S, Wachapreague, has been
used extensively and found to be excell ent for collectin g bottom organi sms.

SERVICES AN n FACILITIES SUPPORTING RESEARCH
Data processing and statistical services
An IBM I 130 computer, replacin g th e IBM 197 8 remote terminal and
IBM 407 accountin g machin e, was installed in September J 967. Thi s is used
in assoc iation with the IBM 360 computer of the Cooperati ve Computer
Ce nter, loca ted at T he Co llege of Wi lliam and Mary . T he 1130 has proven
to be a hi ghl y reli ab le and versatil e machine. A printing card punch with
interpreter and fu ll character set and verifier were installed in November
1967.
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The point is being approached where daily available time on the 1130
computer will not be sufficient to meet the demand. A significant increase
in data volume will overload the system. A proposed system expansion has
been developed for approval by Mr. Gordon W. Mills, Director, Division
of Automated Data Processing, Governor's Office, Commonwealth of Virginia.
Personnel in the Data Processing and Statistical Services Department
have made great progress in developing methods for handling accounting data.
Purchase orders and payroll are now processed by the computer and in the
near future the department will be able to handle virtually all accounting
requirements.
Library

Library accessions increased during the year with funds supplied by
grants from the Old Dominion Foundation, from the Virginia Sportfisherman's
Associate and from funds available through federal grants.
There were 644 new books added to the collection, together with 66 new
serial titles, 7 microfiche sets, 1 set of microcards, and 4 long microfilms.
In addition, 264 back volumes of periodicals were purchased. A total of
1,128 books was accessioned, including 437 bound volumes of periodicals.
The list of serial titles in the library was revised during the summer of
1967. An annotated copy of this list was prepared for inclusion in the union
list of scientific periodicals being assembled at the University of Virginia,
College of Engineering.
Reprints of 34 contributions published during 1967-68 were assembled
and distributed to the exchange list. One Data Report was published during
the fiscal year and distributed. In addition to regular exchange lists, 2118
separate reprints, 16 Data Reports, 26 Translations and 94 Special Scientific
Reports were supplied in answer to individual requests.
Newly acquired Facilities and Equipment

During this report period VJMS has leased 14 acres on which are located
two buildings and mooring facilities for medium-size boats with access to the
York River. Small boat activities are being conducted from this facility.
Future plans call for the acquisition of this property and the installation
of running saltwater rearing ponds for appropriate research activities.
Ground was broken for the construction of a pollution-ecology building
on August 24, 1967. Most of the framework was in place by June 30, 1968.
This building will add 19,000 square feet of work space to the Gloucester
Point facilities.
A de Fonbrune microforge and micromanipulator was provided for improved research on algae.
The VJMS communication center was improved by adding telephones
in many offices and a new switchboard. An additional incoming line was
connected.
Improved data processing equipment was installed during the report
period. (See Data processing and statistical services above) .

Co urses leading to the M .A. and Ph.D . degrees are taught on the V!MS
campus through affiliation with the College of William and Mary and the
University of Virginia.

ACADEMIC AND TRAINING PROGRAMS
Graduate programs

The Virginia Institute of Marin e Science, through association with the
Co ll ege o f William and Mary and the University of Virginia, provides an
academi c program leading to the degree of Master of Arts and Doctor of
Philosophy in Marin e Sc ience. Majors in Biological Oceanography, General
Oceanography, and Fi sheries Biology are available.
Durin g the schoo l year 1967-68 sixty students were enrolled. Of these,
11 received master's degrees and one received a doctorate degree.
Summer programs

Durin g th e summer of 1967 th e In stitute operated three programs supported by the National Scien ce Foundation fund s:
R esea rch Participation for College Teachers (financed through NSF
Grant GY 2385). Four co ll ege teachers spent twelve weeks at
VIMS.
Und ergraduate Research Parti cipati o n for College Students (financed
through NSF Grant GY 2829 ). Ten college students spent ten
weeks at VIMS in resea rch tra ining.
Coope rative Co ll ege-School Science Program (financed through NSF
G rant GW- 1771). Fifteen teachers were ad mitted to the program,
whi ch was co nducted at Norvi ew High School, Norfolk, Virginia ,
for eight weeks du rin g th e summ er of J 967. Thi s was a joint und ertaking between VJ MS and th e Norfo lk School authoriti es to improve sc ience teaching. Dr. John I. McClurkin , D ep artment of
Bi ology, R ando lph-Macon College, Ashland , Virginia , was the
in structor.
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PUBLIC INFORMATION AND EDUCATION
During the 1967-68 report period, 3255 visitors registered at the Institute. These included groups of students from 13 colleges and 65 elementary
and high schools who attended lectures or collected material from marine
waters.
Several research scientists and infot'mation officers presented programs
to civic clubs throughout the Tidewater area.
Over 19,7 50 pieces of literature along with 400 letters were mailed to
persons requesting information. Seventy inquiries for special information were
handled by telephone.
Sixty-three newspapers and 257 persons received thirty-nine press releases prepared by the Information and Education Department.
An exhibit was set up for three days at the Waltonian Sportsman Show
in Norfolk and at the Virginia Academy of Science meeting in Richmond.
VTMS is represented on the Resource-Used Education Council of Virginia and assi sted the Council in presenting a conservation short course at
Virginia State College, Madison College, and the College of William and
Mary.
Staff members served as judges at science fairs in several tidewater
schools this past year.
Five staff members prepared six television lessons for broadcast over
the H ampton Roads Educational Television Station WHRO:
Dr. Morris L. Brehmer :

Pollution of Marine Waters

Mr. RobertS. Bailey :

Uses of Saltwater Resources In Tidewater
Virginia
Economic Importance of the Sea

Dr. W. G. Macintyre:

Apparatus Used in A stronomy

Dr. Maynard Nichols:

Chesapeake Bay

Mr. E. P. Ruzecki:

The Greenhouse Effect

These programs were preserved on video tape and will reach several
thousand school children over a period of years.
Th e sta ff of the Information and Education Departm ent was increased
by three during the fall of 1967 to enable it to perform special services under
the State T echnica l Services program. The purpose of this program is to
di sseminate information usefu l to peop le engaged in business and industry
utilizing marine resources.
Thirty-six hundred pamphl ets were distributed to com mercial and sport
fi sherm en to provide general information about summ er flounder , striped bass,
American shad, Atlantic menhaden and soft shell clams.
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PUBLICATIONS 1967-1968
Contribution
241. Cole, Charles F. 1967. A study of the eastern johnny darter, Etheostoma olmstedi Storer (Teleostei, Percidae) . Chesapeake Sci.
8(1) :28-51.
242. Webb, K. L. and R. E. Johannes. 1967. Studies of the release of di ssolved free amino acids by marine zooplankton. Limnol. Oceanogr.
12(3):376-382.
246. Moskovits, George, and Anita Flanagan. 1967. Growth of marine
bacteria on some organic acids and its application to the selective
isolation of pseudomonads. Canad. Jour. Microbial. 13:1561-1563.
247. Calder, Dale R. and Victor G. Burrell, Jr. 1967. Occurrence of
Moerisia lyonsi (Limnomedusae, Moerisiidae) in North America .
Amer. Midi. Nat. 78(2) :540-541.
248 . Hargis, William J . Jr. , and William A. Dillon . 1968. Helminth parasites of Antarctic vertebrates. Part II. Monogenetic trematodes
from Antarctic fishes: The superfamily Gyrodactyloidea Johnston
and Tiegs, 1922. Biology of the Antarctic Seas III. Antarctic Res .
Ser. 11:91-99.
250. Dillon, William A., and William J. Hargis, Jr. 1968. Helminth parasites of Antarctic vertebrates. Part III. Monogenetic trematods
from Antarctic fishes: The superfamily Tetraonchoides Yamaguti,
1963. Biology of the Antarctic Seas III, Antarctic Res. Ser.
11:101-112.
251. Calder, Dale R., and Morris L. Brehmer. 1967. Seasonal occurrence
of epifauna on test panels in Hampton Roads, Virginia. Intern .
Jour. Oceano!. Limnol. 1 (3): 149-164.
252 . Richards, C. E. 1967. Age, growth and fecundity of the cobia, Rachycentron canadum, from Chesapeake Bay and adjacent mid-Atlantic
waters. Trans. A mer. Fish. Soc. 96 ( 3): 343-350.
253. Hobbs, Horton H. Jr., and Frank 0. Perkins. 1967. A new burrowing
crayfish from North Carolina (Decapoda, Astacidae). Proc. Bioi.
Soc. Washington 80:141-146.
254. Thompson, Jesse C. Jr. 1967. Parauronema virginianum n. g. , n. sp.,
a marine hymenostome ciliate. Jour. Protozoal. 14( 4): 731-734 .
256. Richards, C. E ., and Richard L. Bailey. 1967. Occurrence of Fundulus
luciae, spotfin killifish, on the seaside of Virginia's eastern shore.
Chesapeake Sci. 8(3) :204-205.
259. Wass, Marvin L. 1968. A new pinnixid commensal with a holothurian
(Crustacea: Decapoda). Tulane Stud. Zool. 14(4):137-138.
260. Thornborough, J . R., and W. L. Mengebier. 1967. Direct stimulation
of respiratory enzyme activity by crustacean eyestalk extract. Comp.
Biochem. Physiol. 20(1): 351-353.
261. Crisp, D . J. 1967. Chemical factors inducing settlement in Crassostrea
virginica (Gmelin). Jour. An. Ecol. 36(2) :329-335.
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264 . Haven , Dexter S., and Reinaldo Morales-Alamo. 1968. Occurrence and
transport of fecal pellets in suspension in a tidal estuary. Sediment.
Geol. 2:141 -151.
265. Boon, John D. III, and Willi am G. Macintyre. 1968. The boronsalinity relationship in estuarine sediments of the Rappahannock
River, Virginia. Chesapeake Sci. 9(1) :21-26.
266. Wulff, Barry L. et al. 1968. Summer marine algae of the jetty at
Ocean City, Maryland . Chesapeake Sci. 9(1): 56-60.
267 . Hobbie, John E., Claude C. Crawford, and Kenneth L. Webb. 1968.
Amino acid flux in an estuary. Science 159: 1463-1464.
269. Perkins, Frank 0 . 1968. Fine structure of the oyster pathogen Minchinia nelsoni (Haplosporida, Haplosporidiidae). Jour. Invert.
Path. 10(2) :287-305.
270. Perkins, Frank 0. 1968. Fine structure of zoospores from Labyrinthomyxa sp. parasitizing the clam Macoma balthica. Chesapeake
Sci. 9(3):198-208.
271. Roberts, Morris H., Jr. 1968. Functional morphology of mouth parts
of the hermit crabs, Pagurus longicarpus and Pagurus pollicaris.
Chesapeake Sci. 9 (1): 9-20.
272. Cones, Harold. 1968. Selectivity in fossil preservation as shown by a
comparison of fossil and modern barnacle populations. Chesapeake
Sci. 9(1) :61-62.
275. Hargis, William J. Jr., and William A. Dillon. 1968. Helminth parasites of Antarctic vertebrates. Part IV. Monogenetic trematodes
from Antarctic fishes: the superfamily Capsaloidea Price, 1936.
Proc. Bioi. Soc. Washington 81:403-412.
276. Dillon, William A. , and William J. Hargis, Jr. 1968. Monogenetic
trematodes from the southern Pacific Ocean. Part IV. Polyopisthocotyleids from New Zealand Fishes: The families Mazocraeidae,
Diclidophoridae and Hexabothriidae. Proc. Bioi. Soc. Washington
81:351-366.
277. Lawler, Adrian R., and William J. Hargis, Jr. 1968. Monogenetic
trematodes from the southern Pacific Ocean. Part V. Monopisthocotyleids from Australian fishes : The subfamily Trochopodinae.
Proc. Bioi. Soc. Washington 81:367-402.
281. Andrews, Jay D., Donna Turgeon, and Marian Hreha. 1968. Removal
of pea crabs from live oysters by using Sevin. Veliger 11 (2): 141143.
Special scientific reports (None 1967-68)
Translation series
17. Bychowsky, B. E ., A. V. Gussev, and L. F. Nagibina . 1965 [1967].
Monogenetic trematodes of the family Tetraonchoididae Bychowsky, 1951. Akad. Nauk SSSR. lnst. Zool. , Trudy 35:140-165.
18. Yamaguti, Satyu. 1940 [1967]. Concerning the method of infection by
Dip/orchis ranae Ozaki, 1931. Zeits. f. Parasitenk. 12(1) 84-85.
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19. Reichenbach-Klinke, Heinz-Hermann . 1959 [1968]. Two new Tetraonchinae from southeast Asia (Trematoda: Monogenea: Dactylogyridae) . Zeits. f. Parasitenk. 19:364-367.
Theses
Wulff, Barry Lee. 1967. Intertidal zonation of marine algae at Gloucester
Point, Virginia.
Feeley, James Bernard. 1967. T he distribution and ecology of the Gammarid ae (Crustacea: Amphipoda) of the lower Chesapeake estuaries.
O'Brien, Michael. 1968. Multiple bar systems in Chesapeake Bay.
Boon, John D. HI. 1968 . Quantitative analysis of beach sand movement,
Virginia Beach, Virginia.
Cones, Harold Nelson. 1968. Distribution of Chrysaora quinquecirrha in the
York River.
Amon, J ames Paul. 1968. Studies of Labyrinthula spp. in culture.
Burrell, Victor Gregory. 1968. The ecological significance of a ctenophore,
Mnemiopsis leidyi (A. Agassiz) , in a fishery nursery ground.
Turgeon, Donna DeMoranville, 1968. Guide to estuarine and inshore bivalves
of Virginia.
Mackiernan, Gail Brown. 1968. Seasonal distribution of dinoflagellates in
the lower York River, Virginia.
DuPaul, William David. 1968. The effect of temperature of salinity-induced
changes in the free amino acid pool of Mya arenaria.
Dissertations (Ph.D.)
Hargraves, Paul Eric. 1968. Species compos1tton and distribution of net
plankton diatoms in the Pacific sector of the Antarctic Ocean.
Data repor,f
No. 5. Shidler, J. K. and W. G. Macintyre. 19 67 . Hydrographic data collection for " Operation J ames River- 1964." maps, 155 pp.
Educational series
No. 13 . Niemeyer, Virginia B., and Dorothy A. Martin . 1967. A guide to
id entificati on of marine pl ants and invertebrate anim als of Tidewater Virginia. 82 pp.
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Laboratory Specialist
•

Department of Ichthyology
Edwin B. Joseph, Ph.D ., Head
W. Jackson Davis, Ph.D . ......................... Associate Marine Scientist
... .Associate Marine Scientist
George Grant, Ph.D.
......Associate Marin e Scientist
John Musick*, Ph.D ....
................. .Assistant Marine Scientist
Clarence E. Richard s
Junnius E . War inner
.......... .Assistant Marine Scientist
R esearch Assistant
Joseph P. Miller. ...
H

• •

• ••••••••••• •
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John D. McEachran
Victor G . Burrell ..
Woodrow L. Wilson ....

•••

Department of Crustaceology
Willard A. Van Engel, Head ...

•

..

00

•

...... Research Assistant
.... Research Assistant
.Laboratory Specialist

..... Senior Marine Scientist

Department of Microbiology-Pathology
John L. Wood, Ph.D., Head
........... Associate Marine Scientist
Frank 0 . Perkins, Ph.D.
.. Associate Marine Scientist
John L. Dupuy *, Ph.D ....... .
.. . Assistant Marine Scientist
Dean P. Owens ...
......................... Assistant Marine Scientist
Paul E . Chanley ...
.............Research Assistant
Juanita M. Tutt* ..
. ..Laboratory Specialist
Mollie W. McMurtrie ...
Parasitology Section
William J . Hargis, Jr., Ph.D., Head
David E. Zwerner ... ... . . . . .. . . ............. ...... Research Assistant
Department of Environmental Physiology
Langley H . Wood, Ph.D., Head ................ Senior Marine Scientist
Kenneth L. Webb, Ph.D . ......................... Associate Marine Scientist
Department of Physical, Chemical and Geological Oceanography
Maynard M. Nichols, Ph.D . .. . .......... Associate Marine Scientist
William G. Macintyre, Ph.D . ... ...... .......Associate Marine Scientist
Paul V. Hyer, Ph.D. .. .
.. .......... Associate Marine Scientist
Yee Chang Wang, Ph.D....
.......... Associate Marine Scientist
Evon P. Ruzecki ........................... ..........Associate Marine Scientist
.. .
......... Assistant Marine Scientist
Roger Buck
.. ........
Research Assistant
Richard W. Moncure.
.. .
..
Laboratory Specialist
William C. Hale.
00 . . . . . . . . . . . . . . . . . . . . . .

00
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Associate Staff

Robert L. Ellison, University of Virginia
John McDermott, Franklin and Marshall College
Russell G. Rhodes, Kent State University
P. Wyman H arrison, Land and Sea Interaction Laboratory
Kenneth L. Bick, College of William and Mary
Mitchell A Byrd, College of William and Mary
Ian P. Callard, College of William and Mary
Willis G. Hewatt, Texas Christian University
Sewell H. Hopkins, A&M University
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Harold J . Humm, University of South Florida
Victor A. Liguori, College of William ~md Mary
Charlotte P. Mangum, College of William and Mary
Bruce W. Nelson, University of South Carolina
Robert Pedigo, St. Andrews Presbyterian College
S. Y. Tyree, Jr., College of William and Mary
Harry C. Yeatman, University of the South
Ship Personnel

Richard J . Hochban
George Snow . . .
Randy D. Hickman
William H. Kreite*
John E. Tillage
*Joined staff during this report period.
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......Captain
Captain
.Mate
....... Mate
Engineer
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